The exploitation ecosystems hypothesis suggests that food chain length increases along gradients of increasing primary productivity. Recent results provide compelling new evidence for this from an arctic-alpine ecosystem.
competent for silencing. The cells with two inactive X chromosomes may reflect an inability to designate one X chromosome to remain active. Augui et al. [5] propose that Tsix/Xite pairing may be required to reliably block silencing on the active X chromosome. However, cells with the 65 kb deletion exhibit normal counting without Tsix/ Xite pairing, suggesting both Tsix/Xite pairing and two copies of Tsix are necessary to designate the active X chromosome in a robust manner. Knowing whether Xpr co-localization occurs normally in homozygous Tsix mutant cells may provide more insight into why two mutations that disrupt Tsix/Xite pairing have different phenotypes.
Pairing of sequences in other biological contexts may provide clues to the mechanisms of Xic pairing. During meiosis in the nematode Caenorhabditis elegans, homologue pairing is initiated at a specific site on each chromosome pair, the pairing center, and propagated along the length of the chromosomes. Pairing centers are recognized by sequence-specific binding proteins that bring the pairing centers together [11] . Like pairing centers, the Tsix/Xite region contains binding sites for a sequence specific binding protein, the chromatin insulator CTCF, and CTCF is necessary for Tsix/Xite pairing [12] . Perhaps, like pairing centers and Tsix/Xite, Xpr contains sequence elements that are recognized by factors that promote co-localization. Xpr lies within a region that displays unusually high levels of histone modifications associated with heterochromatin, including Polycomb-mediated histone methylation [13] . In flies, Polycomb response elements on different chromosomes can co-localize and this co-localization is dependent on Polycomb-group proteins [14] . It is possible that female cells also take advantage of Polycomb-group proteins to promote co-localization of Xpr sequences.
It is becoming increasingly apparent that the three-dimensional organization of sequences within the nucleus can impact gene expression [15] . The pairing of multiple elements at the Xic suggests that nuclear organization may also play a role in regulation of X-inactivation. Nearly 50 years after the discovery of X-inactivation, the mechanisms that ensure silencing occurs only in cells with two or more X chromosomes remain elusive. Understanding how pairing of Xic elements occurs and what function it serves may finally provide mechanistic insights into the initial steps of X-inactivation.
The role of trophic interactions in structuring terrestrial communities has been debated since Hairston et al. [1] proposed their 'green world' hypothesis, stating that predators prevent herbivores from becoming abundant enough to destroy green plants. Fretwell [2] subsequently suggested that trophic dynamics change along gradients of productivity, and Oksanen et al. [3, 4] developed this idea to form the 'exploitation ecosystems hypothesis'. They hypothesised that the primary productivity of an ecosystem determines whether predators or resources regulate herbivore populations. The exploitation ecosystems hypothesis has now been debated for over 25 years, and more recently alternative hypotheses have been put forward [5, 6] . A recent study by Aunapuu et al. [7] has provided robust new experimental data supporting the exploitation ecosystems hypothesis.
The exploitation ecosystems hypothesis proposes that, in productive terrestrial ecosystems, primary production is high enough to support three trophic levels: plants, herbivores and predators. Predators depress herbivore populations, releasing plants from herbivore control and enabling them to increase in biomass -a community-level trophic cascade. In less productive ecosystems, however, herbivore populations are too small to support predator populations, so there are only two trophic levels, with herbivores regulating plant biomass. In extremely unproductive ecosystems, the productivity is too low to support more than the plant trophic level. The key to the exploitation ecosystems hypothesis is that it acts as though each trophic level consists of a single population, despite many different species being involved.
A number of previous studies have used spatial patterns to support the exploitation ecosystems hypothesis, for example the pattern of deer distribution on the Qué bec-Labrador peninsula in North America [8] . Many processes could create the same pattern, however, and manipulative experiments are the definitive way to test a hypothesis. A range of experiments investigating the exploitation ecosystems hypothesis has been carried out in the low arctic tundra of northern Norway. These include a predator exclusion experiment, which resulted in an increase in herbivore biomass and a clear impact on vole dynamics (although the effect on vegetation was not measured) [9] ; and a herbivore exclusion experiment that initiated an increase in plant biomass in unproductive sites, but had little impact on vegetation in productive sites [10] .
In the same arctic tundra system, Aunapuu et al. [7] have now manipulated plant biomass and primary productivity for the first time to provide a significant test of the exploitation ecosystems hypothesis in replicated experiments. They studied herbivorous rodents (lemmings and voles, Figure 1 ) and their food plants and predators (primarily stoats and weasels, as well as avian predators) along a productivity gradient from woodlands to high alpine boulder fields. To investigate spatial patterns, they estimated average primary productivity for the highlands, lowlands and slope valley within their study site, and quantified plant, rodent and predator biomass for each. In the unproductive highlands there were no mammalian predators, plant biomass was constant in space and herbivore biomass varied with productivity, whilst in the productive slope valley predatory mammals were present, plant biomass varied in space, whilst herbivore biomass did not vary. The lowlands contained both unproductive habitats and productive habitats. These spatial patterns are consistent with the predictions of the exploitation ecosystems hypothesis.
Aunapuu et al. [7] then carried out two large-scale and long-term experiments manipulating the plant trophic level. The first involved transplanting replicate vegetation blocks (each 0.7 m 2 ) from a productive island with predators, to a similar habitat on either replicate predator-free, or herbivore-free islands (Figure 2) , or back to the original island with predators. Changes in vegetation after three years revealed that the plant biomass of the productive habitat decreased when vegetation blocks were moved to predator-free islands, and increased when the vegetation blocks were moved to herbivore-free islands. These results demonstrate that food chain length influences the community-level plant biomass. The second experiment involved fertilising four areas (0.25 ha) in the unproductive highlands, causing a persistent increase in productivity, compared with control areas. Eight years later the fertilised areas had four times the herbivore density of the control areas, and a corresponding increase in grazing intensity, whilst plant biomass remained unchanged. This clearly reveals that food chain length depends on primary productivity and that the biomass at the trophic level below the effective top trophic level remains constant across productivity gradients. The dynamic responses of the food web in both experiments strongly support the exploitation ecosystems hypothesis and contradict alternative hypotheses [5, 11] .
The relationship between primary productivity and trophic dynamics has been accused of being an over-simplification. Polis and Strong [5] argue that theory based on discrete trophic levels is artificial because trophic complexity is pervasive. Despite its simplifying assumptions, the exploitation ecosystems hypothesis undoubtedly applies to arctic-alpine ecosystems; but are arctic grazer communities a special case? The key feature of the arctic tundra appears to be the ability of the herbivores to exploit even unpalatable plants, which leads to extreme over grazing. In more productive areas, herbivores are more selective and agility is favoured over ability to exploit heavily defended plants, so trophic cascades might be diminished. Oksanen et al. [3, 4] restricted their hypothesis to endothermic vertebrates that have large daily energy needs and are sensitive to variations in annual primary productivity, but there is limited experimental evidence, although not from arctic ecosystems, that the hypothesis may also be relevant to invertebrates [12, 13] .
Extending investigations to other ecosystems would test the generality of the exploitation ecosystems hypothesis. There is fragmentary evidence that terrestrial systems, from temperate fields to lowland tropical forests, have the potential to undergo species-level trophic cascades [14] , although true community-level trophic cascades have rarely been studied [15] . Notably, however, strong community-level effects of vertebrate predator exclusion on densities of herbivores and on seedlings and saplings of canopy trees have been observed on Venezuelan islands [16, 17] . Now that we have conclusive evidence for the exploitation ecosystems hypothesis in arctic-alpine ecosystems [7] , it is time to look for experimental evidence of community-level trophic cascades in more productive boreal, temperate and tropical ecosystems.
